In 2003, we developed an electronic health records (EHR) system called the "Dolphin project" for regional health providers to share clinical records and provide individual patient data to patients [1] . We also developed an XMLbased clinical information standard called Medical Markup Language (MML) to share clinical data within and among hospitals [2, 3] .
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Level Seven (HL7) [5] and others [6, 7, 8] . Interoperability is an emerging issue for the new project to utilise HL7 standardised data available from healthcare systems.
OpenEHR is the basis of the ISO 13606 [9, 10, 11, 12, 13] standard that enables interoperability of clinical concepts [14] and has been widely adopted to build other standards [15, 16] . The Clinical Information Modeling Initiative, an HL7 working group, is developing a common clinical concept model using openEHR archetype technology [17] .
Objectives
We decided to reconstruct the EHR system using a modern development process, with common clinical concept models based on the ISO 13606 standard with the openEHR specification, to improve flexibility and interoperability for collecting multiple types of formatted data with various standards and catch up requirements of the nationwide EHR project in Japan.
Method
The data sources for this EHR project were hospitals that were already involved in the Dolphin project and performed periodic mass screening of employees and students. Healthcare data were collected from healthcare providers and screening services. The data were to be formatted using 16 MML content modules and others. MML data modules were analysed and constructed with semantically equivalent archetypes [18] . The mass screening service for employees adopted the Health Level Seven Clinical Document Architecture Release 2 (HL7 CDA R2), so that the surveillance data were collected by HL7 CDA R2 [19] . Because the mass screening service for students did not adopt any standards, raw data were used. Figure 1 shows all datasets analysed with regard to item, structure, components, and concepts. Ultimately 40 mindmaps were constructed.
Based on mindmap analysis, archetypes and templates were designed using Ocean Archetype Editor [20] and Ocean Template Designer [21] . The artefacts were mainly quoted from the openEHR clinical knowledge manager (CKM) [22] with or without modifications to maintain interoperability with regard to other standards. As the archetypes on CKM could not cover all case semantics, the archetypes were newly designed to complement the semantics used.
Results
All datasets were constructed on 18 templates and mapped with each corresponding data source (Table 1) . Archetypes were reused for multiple templates, and Table 2 shows common archetypes in representative cases. Figure 2 displays an example of the mindmap for a dental examination of teeth in the mass screening for students. Table 1 shows each case and the number of archetypes used to construct semantically equivalent data schema. All components were designed with 1-50 archetypes and were fully conformant with openEHR specifications [23] . The most complex model was the mass screening for students, which required 50 archetypes. Mass screening for students requires a dental examination (Table 1) . Figure 3 provides an overview of the archetype hierarchy in for mass screening of students. The report information model was designed for use with general reporting documents, but it had to be redesigned for use with specific reports, such as imaging reports, pathological diagnosis reports, and other diagnostic reports. Table 3 shows the details of archetypes used to construct logical data models. A total of 92 archetypes were needed to construct the models, and 62 archetypes were quoted from CKM without any changes. However, 22 archetypes had to be 
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Each case was analysed and constructed as an archetype to a template. The common archetypes listed above were used for multiple cases. Organisation archetypes are commonly used to describe the facility, department, or ward. Citation archetypes are used to point to external links to images or other relative resources. Problem/diagnosis archetypes are also frequently reused. modified, and eight archetypes were created from scratch to conform to the concept models. Reasons for modifying archetypes had to do mainly with localising for demographics, insurance claims, and the inclusion of specific information for dentistry (Table 4) .
Use case Number of archetypes
Because Health Level Seven version 2.5 (HL7 2.5) messages were also mapped to the constructed archetypes, this EHR system obtained the HL7 2.5 interface. Although the interface of the old EHR system was only MML, the newly developed EHR system used the following interfaces mapped to ISO 13606/ openEHR archetypes:
• ISO 13606/openEHR native API
• MML Archetypes were mainly derived from the openEHR clinical knowledge manager. Sixty-two archetypes were used as-is, ten required specialisation, and eight archetypes were newly created. To record specific expression for dentists Table 4 : Example of rationales for specialised archetypes.
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• HL7 2.5
• HL7 CDA R2
• Original data format for mass screening
Discussion
An EHR system requires semantic interoperability for multiple use cases, such as point of care, clinical research, and public health [24] . To achieve interoperability, EHR should have a commonly agreed upon logical model [25] . Therefore, the openEHR project has developed the CKM to share archetype concept models [26] to improve the interoperability of EHR.
The CKM is also a repository for international collaborative development of clinical concepts, and the CKM reported that 679 archetypes have been developed (cited on 19 December 2017). Archetypes on CKM are designed for general international use; however, in our case, the archetypes had to be localised mainly to express local demographics as well as the inclusion of dental examinations. As demographic expressions in CKM are widely diverse from MML, it was not possible to cover all of them. Specialising the existing archetypes was a reasonable way to localise them. Thus, although the existing HL7 and MML data models captured in the archetypes had an impedance mismatch in terms of information granularity, it was possible to devise equivalent forms with 92 archetypes; in fact, 67% (62/92) of them were adopted with no modifications. Although 1,821 users are registered with CKM, there are only 34 dentists (CKM statistics page, retrieved on 19 December 2017). Thus, there are few archetypes for dentistry information on CKM, and we had to modify the archetypes to record data from dental examinations.
Moreover, the artefacts can be modified with other archetypes to describe other cases immediately, suggesting that creating a standardised clinical concept in the openEHR project would have more potential than making an EHR system with existing data models. However, we needed more clinical concepts to meet the unique demand of local clinicians and specialists.
Because archetype concept models have fine-grained items, they are capable of covering multiple standardised formats, such as HL7 2.5 and HL7 CDA, among others. As archetypes must be interoperable, the concept models in this study could be used with other standards. In addition, the old EHR system had only an MML interface, but the new EHR system uses five interfaces with archetype technology.
We are currently implementing an EHR system with these archetype concept models and, in the near future, plan to demonstrate interoperability for secondary use.
Conclusion
We constructed concept models with archetypes for a nationwide EHR system, which is semantically equivalent to the legacy EHR. Mass screening of the newly developed archetypes was conducted, and 11 dental archetypes were modified based on existing archetypes. The suggested archetype technology improved flexibility for collecting health data from multiple existing standards.
Clinical Relevance Statement
The developed clinical concept models can be used to describe clinical contents. Using these models would clarify the semantics of clinical descriptions and assessments and improve machine processing for clinical data. Thus, this project should contribute to clinical data management and the aid in the discovery of novel findings from EHRs.
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